Abstract. The subharmonic bifurcation and chaotic motions of a fully simply supported plate with large deflection, subjected to subsonic flow and transverse distributed uniform load are investigated in this paper. The chaotic motions of the system arising from the intersection of the stable and unstable manifolds of the homoclinic orbit are studied by means of the Melnikov method, and the threshold of the chaotic motion is given. The subharmonic bifurcation of the system is studied with the subharmonic Melnikov method; the parameter condition of the subharmonic bifurcation is obtained. It is proved that the system can be in chaotically excited through infinite subharmonic bifurcations. Numerical simulations are given, which verify the analytical results.
Introduction
The side plates of high-speed train can be modeled by the structure of thin plates. With the increasing of the speed of train, thin plate structure loaded by airflow and other external load will result in bifurcation, chaos and other nonlinear motion, which causes the internal structure of the train fatigue damage [1] , affecting the safe and stable operation of high-speed train. Therefore, the study of the nonlinear dynamics for the thin plate structure under the subsonic aerodynamic force and the calculation of the relationship between the threshold of flow velocity for the nonlinear motion such as bifurcation and chaos play an important role to the dynamic design of high-speed train.
The Melnikov method is an analytical method to study the chaotic motion of Hamiltonian systems induced by weak periodic excitation [2] . Wang studied the possible chaotic vibration of circular plates using the dynamic variational equation of circular thin plate through Melnikov method [3] . Gruendler summed up any-dimensional Melnikov method by applying the standard for homoclinic orbits to the magnetization pendulum [4] . Zhang used the extended Melnikov method to study the bifurcation and chaos global dynamics produced by nonlinear vibrations on the non-planar cantilever beam [5] . Forefathers had also made a lot of research for the plate of the nonlinear movement and got meaningful conclusions. Tang used the two-dimensional incompressible aerodynamic theory and the reduced-order aerodynamics model to calculate the extreme periodic oscillation [6, 7] . By adding the parametric excitation term to the chaotic system, the chaos and the suppression of the geometrically nonlinear two-dimensional subsonic plate under external excitation were studied by Tang [8] .Chen studied the three-dimensional nonlinear aerodynamic behavior of deflection of cantilever plates in low subsonic range [9] .Li studied the stochastic behavior of plates subjected to random pressure vibrations and external excitation in subsonic flow [10] .Gibbs summarized the aerodynamic theory and experimental results of the vibration and divergence mechanism of different rectangular plate with different boundary conditions, and created a high-precision frequency-domain aerodynamic elastic model, which can be used to support the design of the wing plate and provided the relevant experiment data for future comparison and verification [11] .
In this paper, the subharmonic bifurcation and chaotic motion for a nonlinear dynamic model of a fully simply supported plate with large deflection and subjected to subsonic flow and transverse distributed uniform load are presented. The mechanisms of bifurcation, chaos and other dynamic behaviors as well as the corresponding parameter conditions are given.
Formulation of the Problem
Consider the model shown as in Fig.1 , which illustrates schematic representation of a simply supported plate. The length, width and thickness of the plate are respectively h b, a, , where
.The following coordinate system is established where
are transverse displacement of the plate and flow rate and it takes the middle of the plate as xoy plane. Transverse displacement of the plate is obtained by conditions of a simply supported plate:
Equation of motion for the plate can be derived according to large deflection plate and Hamilton variational principle and showed in the form [12, 14] : can be written as
Substituting them into Eq. (2) 
The equivalent system is 
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where sn,cn,dn are Jacobi elliptic functions, 
, similar to that, E(k) is of second kind below.
Chaotic Motion of the System
The Melnikov function of system along the homoclinic orbit can be described as follows: The critical curve that looks like a "bell" was shown below for different values of w it implies the critical value for the chaos. Observe the figure we can know the chaos would not appear if the value of w is too small or large. 
Subharmonic Bifurcation
For a pair of comprise positive integers n) (m, , there exits a unique k , such that wn 2ππ T k = ( w represents the period of force), then the subordinate Melnikov function of the orbit is is monotone decreasing respect to w , so the chaotic motion occurs through infinite subharmonic bifurcation for the system.
Numerical Simulations
The facts about how the lateral displacement of plate varies with the flow velocity have been given in Fig.3 , which illustrate the system is entering the chaos through infinite subharmonic bifurcation. The parameters are presented above, set 95m/s U = ∞ , put them into inequality (9), it holds. The chaotic system was stated by the displacement time history, phase diagram, and Poincare section below (Fig. 4 
Conclusion
In this paper, the effects of the flow velocity, the resistance and the vibration on the chaotic motions are studied for the large deflection plate. The conditions of the chaotic motion are given by the Melnikov method. In addition, the threshold of the subharmonic periodic solution is obtained, and it is proved that the system can be chaotic through the infinite subharmonic bifurcations. Numerical experiments are carried on to verify the theoretical analysis. The results provide some guidance for the dynamic analysis and design of high-speed train structures.
